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TRANSPARENT CONDUCTIVE MULT I -LAYER STRUCTURE 



AND PROCESS FOR PRODUCING THE SAME 



BACKGROUND QF THE INVENTION 
1. Field of the Invention 

This invention relates to a transparent conductive 
multi-layer structure and a process for producing the same. The 
transparent conductive multi-layer structure of the invention 
is preferably used to make glass panels as a CRT faceplate, a 
PDP faceplate , a construction material and a vehicular component , 
or to make resin panels as a construction material, a vehicular 
component and for use in a semiconductor cleanroom. The 
transparent conductive multi-layer structure of the invention 
is also used as an electromagnetic shield panel. 
2^ Descri ption of Relevant Art 

Transparent conductive films comprising a support overlaid 
with a conductive layer containing an electroconductive material 
are mainly produced by sputtering. While sputtering can be 
accomplished by various means, the following may be given as an 
example where ions of an inert gas generated by DC or RF discharge 
in vacuum are accelerated to impinge on a target (e.g., a 
conductive material) so that constitutional atoms thereof are 
knocked off from the target surface and deposited on the support 
surface to form a transparent conductive layer. 

Sputtering has the advantage of forming conductive layers 
of low surface electric resistance even when the support has a 
comparatively large area. The disadvantages of the sputtering 
process include the need of using a bulky and complicated 
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apparatus and slow deposition rate. However, the size of the 
apparatus is anticipated to increase in the future with the 
growing need for an even larger area of conductive layers. The 
increase in apparatus size will in turn cause not only a technical 
problem, such as the need for an ever increasing precision in 
control, but also an efficiency problem, such as increased 
manufacturing cost . The sputtering method currently adopted to 
increase the deposition rate is by using more targets, but this 
also contributes to increased size of the apparatus. 

Attempts are also being made to produce transparent 
conductive films by a coating method. In a conventional coating 
method, a conductive coating solution having fine conductive 
particles dispersed in a binder resin is applied onto a support, 
and dried to form a conductive layer. The coating method has 
several advantages over the sputtering process in its easiness 
of forming large-area conductive layers, simplification of 
apparatus , high productivity and low manufacturing cost . In the 
conductive film formed by the coating method, the fine conductive 
particles in the conductive layer contact each other, thereby 
to form a path over which electrons flow to provide conductivity. 

In producing transparent conductive films by the coating 
method, it has generally been held that the conductive layer 
cannot be formed unless the binder resin is used in large amounts. 
However, the binder resin in such large amounts prevents contact 
between fine conductive particles and therefore the transparent 
conductive film produced has undesirably high electric resis- 
tance (poor conductivity) and finds only limited use. An attempt 
has been made to perform the coating method without using binder 

- 2 - 



resin but the general understanding is that practically feasible 
conductive layers cannot be formed unless the conductive 
material is sintered at high temperature. 

A specific example of the conventional coating method is 
described in JP-A-9-109259 , which is a process for producing an 
anti-static transparent conductive film or sheet comprising the 
following three steps of applying a conductive coating solution 
comprising a conductive powder and a binder resin onto a 
transferable plastic film, and drying it to form a conductive 
layer (first step), pressing (5 - 100 kg/cm 2 ) and heating (70 

- 180 °C) the conductive layer to have a smooth surface (second 
step), and placing the so treated conductive layer by 
thermocompressing onto a plastic film or sheet (third step). 

The coating solution used in the aforementioned coating 
process contains the binder resin in large amounts: If the 
conductive powder is inorganic, it is used in an amount of 100 

- 500 parts by weight for 100 parts by weight of the binder; if 
the conductive powder is organic, it is used in an amount of 0 . 1 

- 30 parts by weight for 100 parts by weight of the binder. On 
account of such massive use of the binder resin, the technique 
disclosed in JP-A-9-109259 is unable to produce transparent 
conductive films of sufficiently low electric resistance. Even 
in the case of its least use, the content of the binder resin 
is 100 parts by weight compared to 500 parts by weight of the 
inorganic conductive powder, and in terms of volume as calculated 
from the binder's density disclosed in JP-A-9-109259, this is 
equivalent to a value of about 110 for the binder as compared 
to a value of 100 for the conductive powder. 

- 3 - 



JP-A-8- 199096 discloses a process for producing a glass 
plate overlaid with a transparent conductive film, which com- 
prises applying onto a glass plate a coating solution for forming 
a conductive film containing a tin-doped indium oxide powder, 
or rather, an indium-tin oxide (ITO) powder, a solvent, a coupling 
agent and a metal salt of an organic or inorganic acid but that 
does not contain a binder, and firing the applied coating at a 
temperature of at least 300 °C. Since no binder is used in this 
method, conductive films of reduced electric resistance can be 
formed. However, firing the applied coating at 300 °C or above 
introduces difficulty in forming the conductive film on resin 
films. Resin films used as the support will deform, melt, char 
or burn out at medium to high temperatures . The limit on heating 
varies with the type of resin film and is considered to be about 
130 °C for a polyethylene terephthalate (PET) film. 

Non-coating based production methods have also been 
proposed. JP-A-6-13785 discloses a conductive coating 
comprising a compressed powder layer and an underlying resin 

layer, where the compressed powder layer having a resin packed 

/ 

in at least part, preferably all, of the voids in a skeletal 
structure composed of a powder of a conductive substance (metal 
or alloy) . In forming the conductive coating on a substrate 
sheet, the resin, the powder substance (metal or alloy) and the 
substrate are shaken or agitated in a vessel together with a film 
forming medium, e.g., steel balls of a few millimeters in diameter, 
whereby a resin layer is formed onto the surface of the substrate, 
and then the powder substance is trapped and anchored onto the 
resin layer by its adhesive power. Further, the film forming 
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medium being shaken or agitated impacts the powder substance as 
it is shaken or agitated, thereby forming the compressed powder 
layer. However, this technique still requires a significant 
amount of resin in order to secure anchorage of the compressed 
powder layer, making it difficult to obtain conductive coatings 
having low electrical resistance. Another drawback is that the 
said technique as a production process is more complex than the 
coating method. 

JP-A-9- 107195 teaches another non-coating based method 
which comprises sprinkling conductive short fibers over a PVC 
or other film to form a fiber deposit which is pressed to form 
a layer in which the conductive short fibers are integral with 
the resin. The conductive short fibers are polyethylene 
terephthalate or other short fibers that are plated with a metal 
such as nickel. Pressing is preferably performed under such 
temperature conditions that the resin matrix layer shows 
thermoplasticity , as exemplified by a high- temperature (175 °C) 
heating, low-pressure (20 kg/cm 2 ) process condition. 

SUMMARY OF THE INVENTION 
The present invention has as an object of providing 
transparent conductive multi- layer structures by utilizing the 
coating method which retains the advantages of its easiness of 
forming large-area conductive films, simplification of 
apparatus, high productivity and low manufacturing cost, by 
firstly obtaining transparent conductive films that have low 
enough surface resistance to give high conductivity while ex- 
hibiting satisfactory transparency, and then applying the 
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transparent conductive films to glass or resin panels. 

Another object of the invention is to provide processes 
for producing the transparent conductive multi- layer struc- 
tures . 

According to its first aspect, the invention relates to 
a transparent conductive multi-layer structure of first type 
which comprises a substrate overlaid with a support which in turn 
is overlaid with a conductive layer containing fine conductive 
particles, said multi-layer structure having a surface resis- 
tance of 10 - 10 3 Q/O and a visible light transmit tance of at 
least 70%. 

The invention also relates to a transparent conductive 
multi-layer structure of second type which may be referred to 
a transf errable transparent conductive multi-layer structure, 
which comprises a substrate overlaid with a conductive layer 
containing fine conductive particles, said multi-layer struc- 
ture having a surface resistance of 10 - 10 3 Q/O and a visible 
light transmittance of at least 70%. 

According to its second aspect, the invention relates to 
a process for producing the transparent conductive multi-layer 
structure of first type which comprises producing a transparent 
conductive film by applying a dispersion of fine conductive 
particles onto a support, drying the applied coating to form a 
layer containing the fine conductive particles, compressing the 
layer to form a compressed layer of the fine conductive particles , 
and thereafter applying said transparent conductive film on a 
substrate . 

The invention also relates to a process for producing the 
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transparent conductive multi-layer structure of second type 
which comprises producing a transparent conductive film by 
applying a dispersion of fine conductive particles onto a support, 
drying the applied coating to form a layer containing the fine 
conductive particles, then compressing said layer to form a 
compressed fine conductive particles layer, and subsequently 
adhering to a substrate said compressed fine conductive 
particles layer of the transparent film, and thereafter 
stripping away the support from the compressed layer. 

The invention also relates to a process for producing a 
transparent conductive multi-layer structure of second type 
which comprises preparing a support overlaid with a hard coating 
layer and an anchor coating layer in the order, producing a 
transparent conductive film by applying a dispersion of fine 
conductive particles onto the anchor coating layer, drying the 
applied coating to form a layer containing the fine conductive 
particles, then compressing said layer to form a compressed fine 
conductive particles layer, and subsequently adhering to a 
substrate said compressed fine conductive particles layer of the 
transparent film, and thereafter stripping away the support from 
the hard coating layer. 

BRIEF DESCRIPTION OF THE DRAW IN GS 
Figs. 1A and IB show how a 90° peel test was conducted in 
the Examples . 

DETAILED DESCRIPTION OF T HE INVENTION 
We now describe the present invention in detail. 
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The transparent conductive multi-layer structure of the 
invention is what either comprising a substrate overlaid with 
a support which in turn is overlaid with a conductive layer 
containing fine conductive particles (first type) , or comprising 
a substrate overlaid with a conductive layer containing fine 
conductive particles (second or transf errable type). 

The fine conductive particles to be contained in the 
conductive layer in the first and second types of transparent 
conductive multi- layer structure are not limited in any 
particular way but the fine particles of tin -doped indium oxide, 
or rather, of indium-tin oxide (ITO), are preferably used. In 
the present invention, as fine conductive particles such as the 
fine particles of indium- tin oxide (ITO) are contained in the 
conductive layer, the invention does not encompass an embodiment 
where a crystalline film of a conductive substance such as ITO 
has been generated in the conductive layer. The thickness of 
the conductive layer is not limited to any particular value and 
is variable with several factors such as the use and object of 
the transparent conductive multi -layer structure to which it is 
applied, but a preferred range is about 0.1 - 10 \xm. 
[Transparent conductive film] 

To produce the first and second types of transparent 
conductive multi-layer structure, a transparent conductive film 
having the above-mentioned conductive layer formed on a support 
is preferably used. As will be described later in this 
specification, the support is stripped away in the last step of 
production of the second ( transf errable) type of transparent 
conductive multi-layer structure. 
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The support is not limited in any particular way and various 
types including resin film, glass and ceramics can be used. 
Flexible, highly transparent supports are preferred, so resin 
films are preferably used. Exemplary resin films include 
polyester films such as a poly (ethylene terephthalate) (PET) 
film, polyolef in films such as a polyethylene and a polypropylene 
film, polycarbonate films, acrylic films and polynorbornene 
films (e.g. ARTON of JSR Co., Ltd.). Among these resin films, 
the PET film is particularly preferred. The thickness of the 
support is not limited to any particular value but the preferred 
range is about 10 - 200 urn. 

The process for producing the transparent conductive film 
is not limited in any particular way but the preferred method 
is as follows. 

A dispersion of fine conductive particles is applied on 
the support and dried to form a layer containing the fine 
conductive particles and said layer is compressed to form a 
compressed fine-conductive-particles layer. 

In the present invention, the fine particles of indium- tin 
oxide ( ITO) are preferably used as the fine conductive particles . 
Besides the fine ITO particles, the fine particles of any other 
conductive substances may be used to an extent that will not 
impair the transparency of the conductive film so much as to be 
deleterious to the objects of the invention. Preferred examples 
are the fine particles of inorganic conductive substances such 
as tin oxide, indium oxide, zinc oxide, cadmium oxide, anti- 
mony-doped tin oxide (ATO) , fluorine-doped tin oxide (FTO) and 
aluminum- doped zinc oxide (AZO) . Alternatively, the fine 
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particles of organic conductive substances may be used. The size 
of the fine conductive particles is variable not only with the 
required degree of scattering that depends on the use of the 
conductive film but also with the morphology of the particles. 
A typical particle size is not more than 1 \m, preferably not 
more than 0.5 (xm, more preferably in the range of 5 - 10 0 nm. 

The liquid (dispersion medium) in which the fine conductive 
particles are to be dispersed is not limited to any particular 
type and various known dispersion media may be used. Examples 
include saturated hydrocarbons, such as hexane; aromatic 
hydrocarbons, such as toluene and xylene; alcohols, such as 
methanol, ethanol, propanol and butanol; ketones, such as 
acetone, methyl ethyl ketone, methyl isobutyl ketone and 
diisobutyl ketone; esters, such as ethyl acetate and butyl 
acetate; ethers, such as tetrahydrofuran, dioxane and diethyl 
ether; amides, such as N, N-dimethylf ormamide , N- 
methylpyrrolidone (NMP) and N,N-dimethylacetamide; and 
halogenated hydrocarbons , such as ethylene chloride and 
chlorobenzene . Among these, polar dispersion media are 
preferred and, in particular, those having affinity for water 
such as alcohols (e.g., methanol and ethanol) and amides (e.g., 
NMP) are preferably used since they provide a satisfactory 
dispersion in the absence of dispersion aids. The above- 
mentioned dispersion media can be used either alone or in 
admixture. Depending on the type of dispersion medium, a 
dispersion aid may also be used. 

Water is another candidate for the dispersion medium. In 
the case where water is used as the dispersion medium, the support 
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must be hydrophilic. Resin films are usually hydrophobic and 
tend to repel water, making it difficult to give a uniform layer. 
In the case where the support is a resin film, it is necessary 
to mix water with alcohol or render the surface of the support 
hydrophilic . 

The amount of the dispersion medium to be used is not 
limited to any particular value, provided that the conductive 
coating solution, or the dispersion (i.e., coating solution, 
conductive coating solution) of the fine conductive particles, 
should have a viscosity suitable for application . Specifically , 
the dispersion medium is preferably used in an amount of about 
100 - 100,000 parts by weight per 100 parts by weight of the fine 
conductive particles, and the exact value is adjustable 
depending on the types of the conductive substance and the 
dispersion medium. 

The fine conductive particles can be dispersed in the 
dispersion medium by any known dispersing means such as milling 
on a sand grinder. In the dispersing operation, media such as 
zirconia beads are preferably used to disintegrate the lumps of 
fine conductive particles. Care should also taken to prevent 
the entrance of dust and other impurities during the dispersing 
operation. 

In the coating solution or the dispersion of the fine 
conductive particles, the binder resin is preferably used in 
amounts of less than 2 5 in terms of pre-dispersion volume relative 
to the volume of the fine conductive particles which is taken 
as 100. More preferably, the binder resin is used in amounts 
of less than 20, particularly preferably less than 3.7; most 
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preferably, no binder resin should be used. Resins can reduce 
light scattering from the conductive film but, on the other hand, 
they increase its electrical resistance. Insulating resins 
interfere with the contact between fine conductive particles, 
and if the resin content is high, the contact between fine 
conductive particles is so much affected that effective transfer 
of electrons will not take place between fine conductive 
particles. It is therefore recommended that the resin be used 
within the stated volume range considering the balance between 
improvement in transparency and electrical continuity between 
fine conductive particles. 

The volumes of the fine conductive particles and the binder 
resin are not apparent volume but true volume . To determine true 
volume, density is first measured with a suitable instrument such 
as a pycnometer in accordance with JIS (Japanese Industrial 
Standard) Z 8807 and substituted into the following formula of 
[the weight of a material of interest ]/[ the density of the 
material] . The amount of the resin to be used is specified not 
by weight but by volume in order to give a better approximation 
of the actual state in which the resin exists as relative to the 
fine conductive particles in the compressed conductive layer. 

In the conventional coating method, the coating is not 
compressed as intensely as in the production process of the 
invention (see below), so it has been necessary to incorporate 
a sufficient quantity of the binder resin to secure the necessary 
mechanical strength of the coating film. If the resin is 
contained in a sufficient quantity to function as a binder, the 
contact between fine conductive particles and hence electron 
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flow between themselves is prevented by the binder to impair 
electrical continuity. 

The binder resin is not limited to any particular types 
and highly transparent thermoplastic resins or polymers having 
both rubber elasticity and high transparency can be used either 
alone or in admixture. Exemplary resins include fluorine- 
containing polymers, silicone resins, acrylic resins, 
poly (vinyl alcohol), carboxymethyl cellulose, hydroxypropyl 
cellulose, regenerated cellulose, cellulose diacetate, 
poly(vinyl chloride), poly(vinyl pyrrolidone) , polyethylene, 
polypropylene, styrene-butadiene rubber (SBR), polybutadiene 
and poly (ethylene oxide). 

Exemplary fluorine-containing polymers include 
poly( tetraf luoroethylene) , poly ( vinylidene fluoride) (PVDF), 
vinylidene fluoride/trif luoroethylene copolymer, ethyl - 
ene/tetraf luoroethylene copolymer and propyl- 
ene/ tetraf luoroethylene copolymer. Fluorine-containing 
polymers having hydrogen in the backbone chain substituted by 
alkyl group can also be used. The higher the density of the resin 
to be used, the greater the chance of meeting the requirements 
of the invention because the increased use of the resin does not 
cause a corresponding increase in volume. 

Various additives may be incorporated in the dispersion 
of fine conductive particles to an extent that will not impair 
electrical continuity. Exemplary additives include a UV ab- 
sorber, a surfactant and a dispersion aid. 

The thus prepared coating solution or dispersion of fine 
conductive particles is then applied on a support and dried to 
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form a layer containing the fine conductive particles. 

To apply the coating solution or dispersion of fine 
conductive particles on the support, various known coating 
methods can be used without particular limitation, as 
exemplified by reverse roll coating, direct roll coating, blade 
coating, knife coating, extrusion nozzle coating, curtain 
coating, gravure roll coating, bar coating, dip coating, kiss 
coating and squeeze coating. If desired, the dispersion can be 
deposited on the support as by spraying. 

The drying temperature depends on the kind of the 
dispersion medium used and is preferably in the range of about 
10 - 150 °C . Below 10 °C, the moisture in air will easily condense; 
beyond 150 °C, the resin film (support) may sometimes deform. 
During drying, care must be taken to prevent deposition of 
impurities on the surfaces of the fine conductive particles . 

The thickness of the layer containing the fine conductive 
particles as formed by drying the applied coating depends on the 
conditions for the next compressing step and the end use of the 
obtained transparent conductive multi-layer structure, and the 
range of about 0.1 - 10 p is recommended. 

A uniform layer is easy to form if the dispersion of the 
fine conductive particles in the dispersion medium is applied 
and dried. By applying and drying their dispersion, the fine 
conductive particles will form a layer even if no binder is 
present in the dispersion. It is not completely clear why a layer 
can be formed in the absence of binder but a plausible explanation 
is that as the liquid content of the coating decreases upon drying, 
the capillary force holds the fine particles together and, in 
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addition, the very fact that the fine particles have a large 
specific surface area and a strong cohesive force contributes 
to the formation of a layer. At this stage, however, the strength 
of the layer is still weak and the resistance of the conductive 
film is not only high but also uneven to a significant degree. 

In the next step, the thus formed layer containing the fine 
conductive particles is compressed to form a compressed layer 
of the fine conductive particles. Upon compressing, the 
strength of the coating can be enhanced because the fine 
conductive particles contact one another at an increased number 
of points and, hence, the area of contact is sufficiently in- 
creased to give a greater strength to the coating. Fine 
particles inherently have a great tendency to agglomerate, so 
upon compression, they will form a strong layer. Speaking of 
the conductive film, the coating has an increased strength while 
exhibiting lower electrical resistance. 

To compress, the layer formed on the support is preferably 
subjected to a compressive force of at least 44 N/mm 2 , more 
preferably at least 135 N/mm 2 , most preferably at least 180 N/mm 2 . 
Below 44 N/mm 2 , the layer containing the fine conductive 
particles cannot be adequately compressed and it is difficult 
to obtain a highly conductive film. The higher the compressive 
force, the greater the strength of the coating and the higher 
the adhesion to the support. Speaking of the conductive film, 
it has better electrical continuity and the coating has higher 
strength while exhibiting stronger adhesion to the support. On 
the other hand, the higher the compressive force, the higher the 
pressure resistance to the apparatus is required to withstand. 
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Considering these factors, the compressive force is generally 
recommended not to exceed 1000 N/mm 2 . Compressing is preferably 
performed at temperatures near ordinary levels (15-40 °C) . The 
compressing operation that can be performed at temperatures near 
ordinary levels is one of the salient advantages of the invention. 

The compressing means is not limited in any particular way 
and various means such as sheet pressing and roll pressing can 
be used, with the latter being preferred. Roll pressing is a 
method in which the film to be compressed is held between rolls 
and compressed as the rolls rotate. This method is highly 
productive and advantageous to use since it allows for uniform 
application of high pressure and permits roll-to-roll produc- 
tion . 

The roll temperature on the roll press is preferably at 
ordinary levels (15 - 40 °C) . In hot pressing or compressing 
in a heated atmosphere or with heated rolls, several troubles 
such as slackening of the resin film occur if it is compressed 
at high enough pressure. If the compressive force is weakened 
in order to ensure that the resin film as the support does not 
slacken under elevated temperature, the mechanical strength of 
the coating will drop. Speaking of the conductive film, the 
coating will have reduced mechanical strength while exhibiting 
increased electrical resistance. If it is necessary to minimize 
the deposition of moisture on the surfaces of the fine conductive 
particles, the process atmosphere may be heated to lower its 
relative humidity provided that the temperature should be within 
a range where the film will not readily slacken. Generally, a 
range not exceeding the glass transition temperature (secondary 
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transition temperature) is preferred. Considering humidity 
variations, it is recommended to set the temperature slightly 
higher than the point where the required humidity is obtained. 
If continuous compressing is to be performed with a roll press, 
temperature adjustment is preferably performed to ensure that 
the temperature of the rolls will not increase due to heat 
generation . 

The glass transition temperature of the resin film is 
determined by measurement of its dynamic viscoelasticity and 
refers to the temperature at which the mechanical loss of its 
primary dispersion peaks. To give an example, the PET film has 
a glass transition temperature of about 110 °C. 

The rolls in the roll press are advantageously made of metal 
in order to apply high enough pressure. If the roll surface is 
soft, the fine functional particles may sometimes transfer to 
the rolls upon compressing, so the roll surface is preferably 
treated with a hard coating. 

As a result of the procedure described above, the com- 
pressed layer of the fine conductive particles is formed on the 
support. The thickness of the compressed layer of the fine 
conductive particles depends on use but the range of about 0.1 
- 10 pirn is recommended. The compressed layer of the fine 
conductive particles preferably contains the resin in a volume 
of less 25 relative to the volume of the fine conductive particles 
which is taken as 100; the volume ratio between the fine 
conductive particles and the resin is determined at the time when 
the dispersion is prepared. In order to obtain a compressed 
layer as thick as about 10 um, the sequence of the steps of 
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applying the dispersion of the fine conductive particles, drying 
the applied coating and compressing the dried layer may be 
repeated. It is of course possible in the present invention to 
form the conductive layer on both sides of the support. The thus 
prepared transparent conductive layer shows good electrical 
continuity; it also has practically feasible levels of film 
strength although the binder resin is not used in as large an 
amount as in the prior art; what is more, it exhibits good adhesion 
to the support . 

The above -described conductive film to be used in the 
invention may optionally be provided with a protective hard 
coating layer on the conductive layer. The hard coating layer 
may be formed by applying a hard coating agent, optionally 
dissolved in a solvent, onto the conductive layer and drying the 
applied coating to harden. 

The hard coating agent is not limited in any particular 
way and various known types of hard coating agent may be used, 
as exemplified by silicone-, acrylic-, melamine- and otherwise 
based thermosetting hard coating agents. Among these, sili- 
cone-based hard coating agents are desirably used since they 
provide high hardness. 

Alternatively, UV curable hard coating agents may be used, 
as exemplified by radical polymerizable hard coating agents 
based on unsaturated polyester resins, acrylic resins, etc. , as 
well as epoxy- , vinyl ether- and otherwise based cationic 
polymerizable hard coating agents. UV curable hard coating 
agents are preferred from a manufacturing viewpoint such as in 
terms of curing reactivity. Among the UV curable hard coating 
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agents listed above, acrylic-based radical polymerizable hard 
coating agents are desirable considering curing reactivity and 
surface hardness. 

As will be described later, the conductive film in the 
second type of transparent conductive multi-layer structure may 
be produced by first overlaying the support with a hard coating 
layer and an anchor coating layer which, in turn, is overlaid 
with the conductive layer. 

By applying the transparent conductive film of the 
above-described layer arrangement to a substrate, the 
transparent conductive multi- layer structure of the present 
invention can typically be obtained as set forth below. 

Preferred examples of the substrate are a glass panel and 
a transparent resin panel (which may be formed of polycarbonate, 
PMMA, etc.). 

[First type of transparent conductive multi-layer structure] 
(i) Production using a glass panel as the substrate 

After being treated with a silane coupling agent, a glass 
panel is coated with a UV curable adhesive to form an adhesive 
layer, to which is attached the support of the above-described 
transparent conductive film, and the adhesive layer is UV cured 
to produce a transparent conductive multi-layer structure, which 
comprises the glass panel, adhesive layer, support and the 
conductive layer. 

Alternatively, the support of said transparent conductive 
film is coated with a UV curable adhesive to form an adhesive 
layer, which is attached to a glass panel treated with a silane 
coupling agent and UV cured to produce a transparent conductive 
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multi- layer structure, which also comprises the glass panel, 
adhesive layer, support and the conductive layer. 

Preferred examples of the UV curable adhesive include an 
acrylic adhesive and a silicone-based adhesive, 
(ii) Production using a resin panel as the substrate 

A polycarbonate panel is coated with a UV curable adhesive 
to form an adhesive layer, to which is attached the support of 
the above -described transparent conductive film, and the 
adhesive layer is UV cured to produce a transparent conductive 
multi- layer structure, which comprises the polycarbonate panel, 
adhesive layer, support and the conductive layer. 

Alternatively, the support of said transparent conductive 
film is coated with a UV curable adhesive to form an adhesive 
layer, which is attached to a polycarbonate panel and UV cured 
to produce a transparent conductive multi -layer structure, which 
also comprises the polycarbonate panel, adhesive layer, support 
and the conductive layer. 
(Characteristics ) 

The thus produced first type of transparent conductive 
multi-layer structure according to the invention has a surface 
electrical resistance of 10 - 10 3 Q/D and a visible light 
transmittance of at least 70%. 

For the purposes of the invention, surface electrical 
resistance measurement was performed with Loresta AP (MCP-T400) 
of Mitsubishi Petrochemical Company Ltd. or MODEL 717B of Copel 
Electronics Co. Ltd. Samples for measurement were prepared by 
cutting the conductive film into a size of 5 cm x 5 cm. 

Visible light transmittance data were obtained by 
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measuring the transmittance of light in the visible range through 
samples of interest with a spectrophotometer. The visible light 
transmittance as defined in the invention refers to the 
transmittance of visible light through the transparent 
conductive multi-layer structure taken as a whole. 

For the purposes of the invention, the visible light 
transmittance is more preferably at least 75%, the upper limit 
being about 90%. 

The first type of transparent conductive multi-layer 
structure according to the invention has preferably a haze value 
of 1 - 10%, more preferably 1-5%. The haze value as used herein 
is defined as the proportion of the transmittance of total rays 
from a light source that is occupied by the transmittance of 
diffuse rays excluding rays travelling straight. Hence, the 
lower the haze value, the higher the transparency. The haze 
value can be determined by the following equation specified in 
JIS (Japanese Industrial Standard) K 7105: 

H = Td/Tt (eq. 1) 

where H is haze, Tt is the transmittance of total rays, and Td 
is the transmittance of diffuse rays. 

The first type of transparent conductive multi-layer 
structure according to the present invention is used with 
particular advantage to make glass panels as a CRT faceplate, 
a PDP faceplate, a construction material and a vehicular 
component, and to make resin panels as a construction material, 
a vehicular component and for use in a semiconductor cleanroom. 
[Second type of transparent conductive multi- layer structure 
( transf errable transparent conductive multi-layer structure)] 
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The above-described transparent conductive film is first 
prepared; to this end, a support is overlaid with a hard coating 
layer and an anchor coating layer in that order and the anchor 
coating layer in turn is overlaid by the already-described method 
with a conductive layer (compressed) that contains fine ITO 
particles. The film comprises the support, hard coating layer, 
anchor coating layer and the conductive layer. The anchor 
coating layer is provided to give better adhesion to the hard 
coating layer and it is preferably made of an acrylic resin, a 
silicon-based resin, a urethane-based resin, a vinyl chlo- 
ride-based resin , etc. The hard coating layer is preferably made 
of the same material as the hard coating agent which is used to 
make the already-mentioned protective hard coating layer, 
(i) Production using a glass panel as the substrate 

After being treated with a silane coupling agent, a glass 
panel is coated with a UV curable adhesive to form an adhesive 
layer, to which is attached the side of the above-described 
transparent conductive film where the conductive layer is formed, 
and the adhesive layer is then UV cured. Thereafter, the support 
of the conductive film is stripped away to produce a transparent 
conductive multi-layer structure, which comprises the glass 
panel, adhesive layer, conductive layer, anchor coating layer 
and the hard coating layer. 

Alternatively, the side of said transparent conductive 
film where the conductive layer is formed is coated with a UV 
curable adhesive to form an adhesive layer, which is attached 
to a glass panel treated with a silane coupling agent and then 
UV cured. Thereafter, the support of the conductive film is 
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stripped away to produce a transparent conductive multi- layer 
structure, which also comprises the glass panel, adhesive layer, 
conductive layer, anchor coating layer and the hard coating 
layer . 

(ii) Production using a resin panel as the substrate 

A polycarbonate panel is coated with a UV curable adhesive 
to form an adhesive layer, to which is attached the side of the 
above-described transparent conductive film where the conduc- 
tive layer is formed, and the adhesive layer is then UV cured. 
Thereafter, the support of the conductive film is stripped away 
to produce a transparent conductive multi-layer structure, which 
comprises the polycarbonate panel, adhesive layer, conductive 
layer, anchor coating layer and the hard coating layer. 

Alternatively, the side of said transparent conductive 
film where the conductive layer is formed is coated with a UV 
curable adhesive to form an adhesive layer, which is attached 
to a polycarbonate panel and then UV cured. Thereafter, the 
support of the conductive film is stripped to produce a 
transparent conductive multi-layer structure, which also com- 
prises the polycarbonate panel, adhesive layer, conductive layer, 
anchor coating layer and the hard coating layer. 
( Characteristics ) 

The thus produced second type of transparent conductive 
multi- layer structure according to the invention has a surface 
electrical resistance of 10 - 10 3 Q/D and a visible light 
transmittance of at least 70%. 

For the definitions of surface electrical resistance and 
visible light transmittance, see the description of the first 
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type of transparent conductive multi-layer structure. 

For the second type of transparent conductive multi- layer 
structure, the visible light transmittance is preferably at 
least 7 5%, the upper limit being about 90%. 

The second type of transparent conductive multi-layer 
structure according to the present invention is used with 
particular advantage to make glass panels as a CRT faceplate, 
a PDP faceplate, a construction material and a vehicular 
component, and to make resin panels as a construction material, 
a vehicular component and for use in a semiconductor cleanroom. 

The second type of transparent conductive multi-layer 
structure is so designed that it can have two ranges of haze value, 
one being from 1 to less than 10%, preferably 1-5%, and the 
other being from 10 to 50%, preferably 10 - 30%; choice of a 
suitable range depends on specific use. For the definition of 
haze value, see the description of the first type of transparent 
conductive multi -layer structure. 

The second- type of transparent conductive multi- layer 
structure having a haze value of 10 - 50%, preferably 10 - 30%, 
can effectively prevent random reflection of light to suppress 
glare of illuminating light, so it is used with advantage in 
liquid-crystal displays and cathode-ray tubes of TV. 

In order to lower the haze value to fall within the stated 
range, the two examples of production set forth above may be 
modified by roughening the surface of the support of the 
transparent conductive film. If the surface of the support is 
roughened, the surface of the hard coating layer which is brought 
into contact with the roughened surface of the support is 
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roughened accordingly and the eventually obtained second type 
of transparent conductive multi-layer structure has the 
roughened hard coating layer on top surface, thus presenting a 
lowered haze value. Lower haze value can also be realized by 
using a material of low transparency as the support of the 
conductive film. 

EXAMPLES 

The following examples are provided for the purpose of 
further illustrating the present invention but are in no way to 
be taken as limiting. 

The characteristics of various samples were evaluated by 
the following methods. 
[Surface electrical resistance] 

This parameter was measured with Loresta AP (MCP-T400) of 
Mitsubishi Petrochemical Company Ltd. The samples to be 
measured were prepared by cutting the conductive film into a size 
of 5 cm x 5 cm. 

[Non-contact electrical resistance] 

This parameter was measured on samples having the hard 
coating layer provided on the conductive layer . For measurement , 
the sample to be measured was inserted into the gap of the 
detection coil in MODEL 717B of Copel Electronics Go. , Ltd. The 
upper limit of measurement by the instrument was 10 3 Q/d. 
[90° peel test] 

A 90° peel test was conducted in order to evaluate the 
adhesion between conductive film and support, as well as the 
strength of the conductive film. The following description 
should be read by referring to Figs. 1A and IB. 
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A conductive film la was formed on one side of a support 
lb; double-sided adhesive tape 2 was attached to the other side 
of the support; the assembly was cut to a test sample 1 measuring 
25 mm x 100 mm. The side of the test sample 1 where the dou- 
ble-sided adhesive tape was applied was attached to a stainless 
steel plate 3; to prevent the test sample 1 from coming off, fixing 
Cellophane tape 4 was attached to its both ends in a longitudinal 
direction (see Fig. 1A) . 

Subsequently, as shown in Fig. IB, an end of Cellophane 
tape 5 (12 mm wide; No. 29 of Nitto Denko Corp.) was attached 
to the test sample 1 parallel to its longer sides. The Cellophane 
tape 5 was attached to the test sample 1 over a length of 50 mm. 
The other end of the Cellophane tape 5 was attached to a 
tensiometer 6 and the angle the unattached portion 5a of the 
Cellophane tape 5 formed with the attached portion was adjusted 
to 90 degrees. Then, the tensiometer 6 was activated to pull 
the Cellophane tape 5 off the test sample 1 at a rate of 100 mm/min. 
The stainless steel plate 3 to which the test sample 1 was attached 
was moved at the same speed as the pull speed of the Cellophane 
tape 5 so that the unattached portion 5a of the Cellophane tape 
5 always formed an angle of 90 degrees with the test sample 1. 
The force F required to pull the Cellophane tape 5 off the test 
sample 1 was measured with the tensiometer 6 . 

After the peel test, the surfaces of the conductive film 
and the Cellophane tape were examined. If the pressure - 
sensitive adhesive remains on the surfaces of both, it is not 
the conductive layer that broke but the pressure-sensitive 
adhesive layer on the Cellophane layer broke. This means the 
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strength of the pressure- sensitive adhesive was equal to F, or 
the force required to pull the Cellophane tape 5 off the test 
sample 1. and the strength of the conductive film was F or more. 

In the peel test described above, the upper limit of the 
strength of the pressure-sensitive adhesive was 6 N/12 mm, so 
the value of 6 N/12 mm given as data of evaluation means that 
the adhesion between the conductive film and the substrate and 
the strength of the conductive film are both 6 N/12 mm and more 
if the pressure-sensitive adhesive remains on the surfaces of 
both conductive film and Cellophane tape. Values smaller than 
6 N/ 12 mm refer to the case where there was no pressure- sensitive 
adhesive left on the surface of the conductive film but part of 
the conductive film adhered to the surface of the Cellophane tape, 
meaning that the conductive film broke at those values. 

[Visible light transmittance ] 

The transmittance of light in the visible range through 

the transparent conductive multi- layer structure was measured 
by the combination of a spectrophotometer (V-570 of Japan 

Spectroscopic Co., Ltd.) with an integrating sphere (Japan 

Spectroscopic Co., Ltd.) 

[Haze value] 

In accordance with JIS K 710 5, the haze value of the 
transparent conductive multi -layer structure was measured with 
a haze meter (Model TC-H3 DPK of Tokyo Denshoku Co., Ltd.) 
I. First type of transparent conductive multi-layer structure 

PRODUCTION 1 

To 100 parts by weight of fine ITO particles having an 
average primary size of no more than 20 nm (SUFP-HX of Sumitomo 
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Metal Mining Co. , Ltd. ) , 300 parts by weight of ethanol was added 
and the fine ITO particles were dispersed with a disperser using 
zirconia beads as media. The thus obtained dispersion (coating 
solution) was applied to a 50-[xm thick PET film with a bar coater 
and the applied coating was dried with warm air (50 °C) to form 
an ITO-containing coating, which was about 1.7 um thick. 

The thus prepared film was set on a roll press and com- 
pressed at a pressure of 660 N/mm per unit length across the width 
of the film (347 N/mm 2 per unit area) at a feed speed of 5 m/min 
to make a compressed ITO film. The ITO coating (conductive 
layer) as compressed was about 1.1 \*m thick. The strength of 
the coating as calculated from the result of the 90° peel test 
was 6 N/12 mm or more. 

COMPARATIVE PRODUCTION 1 

A hundred parts by weight of fine ITO particles having an 
average primary size of no more than 20 nm (SUFP-HX of Sumitomo 
Metal Mining Co. , Ltd.) was dispersed in 100 parts by weight of 
an acrylic resin solution (MT408-42 of Taisei Kako Co., Ltd.; 
non-volatile (NV) content = 50%) and 400 parts by weight of a 
solvent system consisting of a mixture of methyl ethyl ketone, 
toluene and cyclohexanone at a weight ratio of 1:1:1. The 
resulting coating solution (ITO/acrylic resin = 2:1; NV = 25%) 
was applied to a 50-jjm thick PET film with a bar coater and the 
applied coating was dried with warm air (50 °C) to form an 
ITO-containing coating, which was about 2.3 [im thick. 

The thus prepared film was set on a roll press and com- 
pressed at a pressure of 660 N/mm per unit length across the width 
of the film (347 N/mm 2 per unit area) at a feed speed of 5 m/min 
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to make a compressed ITO film. The ITO coating (conductive 
layer) as compressed was about 1.6 thick. The strength of 
the coating as calculated from the result of the 90° peel test 
was 6 N/12 mm. 

PRODUCTION 2 

The conductive layer on the ITO film prepared in Production 
1 was overlaid with a silicone-based hard coating layer 
(Tossguard 510 of GE Toshiba Silicone Co., Ltd.) in a thickness 
of 3.0 \xm. 

After being treated with a silane coupling agent (KBM 503 
of Shin-Etsu Chemical Co., Ltd.; hereinafter, any silane cou- 
pling agent used was KBM 503), a glass panel (3 mm thick) was 
coated with a UV curable adhesive (KAYANOVA FOP -1100 of Nippon 
Kayaku Co. , Ltd. ; hereinafter, any UV curable adhesive used was 
KAYANOVA FOP- 1100) to form an adhesive layer, to which was 
attached the support (PET film) of the transparent conductive 
film prepared in Production 1; thereafter, the adhesive layer 
was UV cured to make a transparent conductive multi-layer 
structure. The prepared transparent conductive multi-layer 
structure was evaluated for its characteristics by the methods 
described above; surface electrical resistance = 220 Q/O, 
visible light transmittance = 83%, haze = 2.8%, non-contact 
electrical resistance = 223 Q/O. 

EXAMPLE 2 

A transparent conductive multi-layer structure was pre- 
pared as in Example 1, except that the transparent conductive 
film made in Production 2 was substituted. The prepared 
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transparent conductive multi-layer structure was evaluated for 
its characteristics by the methods described above; non-contact 
surface electrical resistance = 225 Q/D, visible light 
transmittance = 84%, haze = 3.0%. 

EXAMPLE 3 

A glass panel (3 mm thick) was treated with a silane 
coupling agent. In a separate step, the PET side of the 
transparent conductive film prepared in Production 1 was coated 
with a UV curable adhesive to form an adhesive layer, which was 
attached to the glass panel; thereafter, the adhesive layer was 
UV cured to make a transparent conductive multi-layer structure. 
The prepared transparent conductive mult i- layer structure was 
evaluated for its characteristics by the methods described 
above; surface electrical resistance = 220 Q/D. visible light 
transmittance = 83%, haze = 2.8%. 

A transparent conductive multi-layer structure was pre- 
pared as in Example 3, except that the transparent 
conductive film made in Production 2 was substituted. The 
prepared transparent conductive multi-layer structure was 
evaluated for its characteristics by the methods described 
above; non-contact surface electrical resistance = 225 Q/D, 
visible light transmittance = 84%, haze = 3.0%. 

EXAMPLE 5 

A polycarbonate panel (5 mm thick) was coated with a UV 
curable adhesive to form an adhesive layer, to which was attached 
the PET side of the transparent conductive film prepared in 
Production 1; thereafter, the adhesive layer was UV cured to make 
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a transparent conductive multi-layer structure. The prepared 
transparent conductive multi-layer structure was evaluated for 
its characteristics by the methods described above; surface 
electrical resistance = 220 Q/D, visible light transmit tance 
= 82%, haze = 3.3%. 

EXAMPLE 6 

A transparent conductive multi-layer structure was pre- 
pared as in Example 5, except that the transparent conductive 
film made in Production 2 was substituted. The prepared 
transparent conductive multi-layer structure was evaluated for 
its characteristics by the methods described above; non-contact 
surface electrical resistance = 225 Q/D, visible light 
transmittance = 83%, haze = 3.5%. 

EXAMPLE 7 

The PET side of the transparent conductive film prepared 
in Production 1 was coated with a UV curable adhesive to form 
an adhesive layer, which was attached to a polycarbonate panel 
( 5 mm thick) and then UV cured to produce a transparent conductive 
multi- layer structure. The prepared transparent conductive 
mult i- layer structure was evaluated for its characteristics by 
the methods described above; surface electrical resistance = 220 
Q/U, visible light transmittance = 82%, haze = 3.3%. 

EXAMPLE 8 

A transparent conductive multi-layer structure was pre- 
pared as in Example 7, except that the transparent conductive 
film made in Production 2 was substituted. The prepared 
transparent conductive multi -layer structure was evaluated for 
its characteristics by the methods described above; non-contact 
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surface electrical resistance = 225 Q/O , visible light 
transmittance = 83%, haze = 3.5%. 

COMPARATIVE EXAMPLE 1 

A transparent conductive multi-layer structure was pre- 
pared as in Example 1, except that the transparent conductive 
film made in Comparative Production 1 was substituted. The 
prepared transparent conductive multi-layer structure was 
evaluated for its characteristics by the methods described 
above; surface electrical resistance = 3.5 x 10 3 Q/O, visible 
light transmittance = 84%, haze = 2.6%. 

COMPARATIVE EXAMPLE 2 

A transparent conductive multi-layer structure was pre- 
pared as in Example 3, except that the transparent conductive 
film made in Comparative Production 1 was substituted. The 
prepared transparent conductive multi- layer structure was 
evaluated for its characteristics by the methods described 
above; surface electrical resistance = 3.5 x 10 3 Q/O, visible 
light transmittance = 84%, haze = 2.6%. 

COMPARATIVE EXAMPLE 3 

A transparent conductive multi-layer structure was pre- 
pared as in Example 5, except that the transparent conductive 
film made in Comparative Production 1 was substituted. The 
prepared transparent conductive multi-layer structure was 
evaluated for its characteristics by the methods described 
above; surface electrical resistance = 3.5 x 10 3 Q/O, visible 
light transmittance = 83%, haze = 3.0%. 

COMPARATIVE EXAMPLE 4 

A transparent conductive multi-layer structure was pre- 
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pared as in Example 7, except that the transparent conductive 
film made in Comparative Production 1 was substituted. The 
prepared transparent conductive multi- layer structure was 
evaluated for its characteristics by the methods described 
above; surface electrical resistance = 3.5 x 10 3 Q/D , visible 
light transmittance = 83%, haze = 3.0%. 

II. Second type of transparent conductive multi-layer structure 
( transf errable transparent conductive multi-layer structure) 

PRODITCTTON 3 

A PET film 50 \xm thick was overlaid with a 3-|jm thick hard 
coating layer (Tossguard 510; hereinafer, any hard coating layer 
used was Tossguard 510) and a l-\xm thick anchor coating layer 
(a mixture of silicone-based varnish and silane-based curing 
agent in a weight ratio of 100:1; hereinafter, any anchor coating 
layer used was this mixture) in the order written. In a separate 
step, to 100 parts by weight of fine ITO particles having an 
average primary size of no more than 20 nm (SUFP-HX of Sumitomo 
Metal Mining Co. , Ltd. ) , 300 parts by weight of ethanol was added 
and the fine ITO particles were dispersed with a disperser using 
zirconia beads as media. The thus obtained dispersion (coating 
solution) was applied to the anchor coating layer on the PET film 
with a bar coater and the applied coating was dried with warm 
air (50 °C) to form an ITO-containing coating, which was about 
1.7 [xm thick. 

The thus prepared film was set on a roll press and com- 
pressed at a pressure of 660 N/mm per unit length across the width 
of the film (347 N/mm 2 per unit area) at a feed speed of 5 m/min 
to make a compressed ITO film. The ITO coating (conductive 
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layer) as compressed was about 1.1 thick. 

COMPARATIVE PK QDUCTTON 3 

A PET film 50 \xm was overlaid with a thick hard coating 

layer and a 1-^im thick anchor coating layer in that order. In 
a separate step, 100 parts by weight of fine ITO particles having 
an average primary size of no more than 20 nm (SUFP-HX of Sumitomo 
Metal Mining Co. , Ltd. ) was dispersed in 100 parts by weight of 
an acrylic resin solution (MT408-42 of Taisei Kako Co., Ltd.; 
non-volatile (NV) content = 50%) and 400 parts by weight of a 
solvent system consisting of a mixture of methyl ethyl ketone, 
toluene and cyclohexanone at a weight ratio of 1:1:1. The 
resulting coating solution (ITO/acrylic resin = 2:1; NV = 25%) 
was applied to the 50- pirn thick PET film with a bar coater and 
the applied coating was dried with warm air (50 °C) to form an 
ITO-containing coating, which was about 2.3 yon thick. 

The thus prepared film was set on a roll press and com- 
pressed at a pressure of 660 N/mm per unit length across the width 
of the film (347 N/mm 2 per unit area) at a feed speed of 5 m/min 
to make a compressed ITO film. The ITO coating (conductive 
layer) as compressed was about 1.6 thick. 

PRODUCT TON A 

In Production 3, the PET film was replaced by one having 
a roughened surface (U-4 of Teijin Ltd. ) , which was overlaid with 
a hard coating layer as in Production 3, followed by the same 
sequence of steps as in Production 3 to produce an ITO film. 

EXAMPLE Q 

After being treated with a silane coupling agent, a glass 
panel (3 mm thick) was coated with a UV curable adhesive to form 



- 34 - 



an adhesive layer, to which was attached the conductive surface 
of the transparent conductive film prepared in Production 3; the 
adhesive layer was then UV cured. Thereafter, the PET film was 
stripped away from the transparent conductive film to make a 
transparent conductive multi-layer structure (consisting of the 
glass panel, adhesive layer, conductive layer, anchor coating 
layer and the hard coating layer) . The prepared transparent 
conductive multi-layer structure was evaluated for its 
characteristics by the methods described above; non-contact 
surface electrical resistance = 225 Q/H, visible light 
transmittance = 85%, haze = 2.3%. 

EXAMPLE 10 

A glass panel (3 mm thick) was treated with a silane 
coupling agent. In a separate step, the conductive surface of 
the transparent conductive film prepared in Production 3 was 
coated with a UV curable adhesive to form an adhesive layer, which 
was attached to the glass panel and UV cured; there-after, the 
PET film was stripped away from the transparent conductive film 
to make a transparent conductive multi- layer structure 
(consisting of the glass panel, adhesive layer, conductive layer, 
anchor coating layer and the hard coating layer) . The prepared 
transparent conductive multi -layer structure was evaluated for 
its characteristics by the methods described above; non-contact 
surface electrical resistance = 225 Q/D, visible light 
transmittance = 85%, haze = 2.3%. 

EXAMPLE 11 

A polycarbonate panel (5 mm thick) was coated with a UV 
curable adhesive to form an adhesive layer, to which was attached 
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the conductive surface of the transparent conductive film 
prepared in Production 3; the adhesive layer was then UV cured. 
Thereafter, the PET film was stripped away from the transparent 
conductive film to make a transparent conductive multi- layer 
structure (consisting of the polycarbonate panel, adhesive layer, 
conductive layer, anchor coating layer and the hard coating 
layer) . The prepared transparent conductive multi-layer 
structure was evaluated for its characteristics by the methods 
described above; non-surface electrical resistance = 225 Q/ 
□, visible light transmittance = 84%, haze = 2.73%. 

EXAMPLE 12 

The PET side of the transparent conductive film prepared 
in Production 3 was coated with a UV curable adhesive to form 
an adhesive layer, which was attached to a polycarbonate panel 
(5 mm thick) and then UV cured. Thereafter, the PET film was 
stripped away from the transparent conductive film to produce 
a transparent conductive multi-layer structure (consisting of 
the polycarbonate panel, adhesive layer, conductive layer, 
anchor coating layer and the hard coating layer) . The prepared 
transparent conductive multi -layer structure was evaluated for 
its characteristics by the methods described above; non-contact 
surface electrical resistance = 225 Q/D, visible light 
transmittance = 84%, haze = 2.7%. 

COMPARATIVE EXAMPLE 5 

A transparent conductive multi -layer structure was pre- 
pared as in Example 9, except that the transparent conductive 
film made in Comparative Production 2 was substituted. The 
prepared transparent conductive multi-layer structure was 
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evaluated for its characteristics by the methods described 
above; non-surface electrical resistance > 10 3 Q/D, visible 
light transmittance = 85%, haze = 2.2%. 

The results of the non-contact surface electrical 
resistance measurements made in Examples 1 and 2 show that the 
surface electrical resistance was substantially the same whether 
the hard coating layer was formed or not; therefore, the 
multi-layer structure of Comparative Example 5 would have a 
surface electrical resistance of about 3.5 x 10 3 Q/D, almost 
equal to the value for the sample prepared in Comparative Example 
1. This conclusion may safely be applied to the following 
comparative Examples . 

COMPARATIVE EXAMPLE (? 

A transparent conductive multi-layer structure was pre- 
pared as in Example 10, except that the transparent conductive 
film made in Comparative Production 2 was substituted. The 
prepared transparent conductive multi-layer structure was 
evaluated for its characteristics by the methods described 
above; non-contact surface electrical resistance a 10 3 □/□, 
visible light transmittance = 85%, haze = 2.2%. 

COMPARATIVE EXAMPLE 7 

A transparent conductive multi-layer structure was pre- 
pared as in Example 11, except that the transparent conductive 
film made in Comparative Production 2 was substituted. The 
prepared transparent conductive multi-layer structure was 
evaluated for its characteristics by the methods described 
above; non- surface electrical resistance s 10 3 Q/D, visible 
light transmittance = 83%, haze = 2.6%. 
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COMPARATIVE EXAMPLE 8 
A transparent conductive multi-layer structure was pre- 
pared as in Example 12, except that the transparent conductive 
film made in Comparative Production 2 was substituted. The 
prepared transparent conductive multi-layer structure was 
evaluated for its characteristics by the methods described 
above; non-contact surface electrical resistance > 10 3 Q/D, 
visible light transmittance = 83%, haze = 2.6%. 

EXAMPLE 13 

A transparent conductive multi-layer structure was pre- 
pared as in Example 9, except that the transparent conductive 
film made in Production 4 was substituted. The prepared 
transparent conductive multi-layer structure was evaluated for 
its characteristics by the methods described above; non-contact 
surface electrical resistance = 225 Q/D, visible light 
transmittance = 84%, haze = 23%. 

III. Changing the coating thickness and compressing pressure 
EXAMPLES 14 AND IB 

Compressed ITO films were prepared as in Production 1, 
except that the coating thickness and the compressing pressure 
were varied as shown below in Table 1 (Productions 5 and 6). 

Transparent conductive multi-layer structures were pre- 
pared as in Example 1, except that the compressed ITO films 
obtained in Productions 5 and 6 were substituted. The results 
of evaluation of those compressed ITO films are also shown in 
Table 1. 

EXAMPLES 16 AND 17 
Compressed ITO films were prepared as in Production 3 , 
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except that the coating thickness and the compressing pressure 
were varied as shown below in Table 1 (Productions 7 and 8). 

Transparent conductive multi-layer structures were pre- 
pared as in Example 11, except that the compressed ITO films 
obtained in Productions 7 and 8 were substituted. The results 
of evaluation of those compressed ITO films are also shown in 
Table 1. 

EXAMPLES 18 AND 19 

Compressed ITO films were prepared as in Production 4, 
except that the coating thickness and the compressing pressure 
were varied as shown below in Table 1 (Productions 9 and 10). 

Transparent conductive multi-layer structures were pre- 
pared as in Example 13, except that the compressed ITO films 
obtained in Productions 9 and 10 were substituted. 

The results of evaluation of those compressed ITO films 
are also shown in Table 1 . 
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Table l 





Ex. 14 


Ex. 15 


Ex. 16 


Ex. 17 


Ex. 18 


Ex. 19 


Production No. 


5 


6 


7 


8 


9 


10 


Coating thickness, (Jin 


5.5 


1.7 


5.5 


1.7 


5.5 


5.5 


Thickness of coating 
after compression, [im 


4 . 3 


1 . 3 


4 . 3 


1 . 3 


4 . 3 


1 . 3 


Pressure per unit area, 
N/mm 2 


500 


56 


500 


56 


500 


56 


Electrical resis- 
tance, Q/O 


50 


970 


50 


970 


50 


970 


Visible light trans - 
mittance, % 


73 


79 


74 


80 


73 


79 


Haze value, % 


7.2 


3.5 


6.8 


3.2 


27 


24 



As described above in detail, the present invention can 
produce transparent conductive multi-layer structures by 
utilizing a coating method which retains the advantages of its 
easiness of forming large-area conductive films, simplification 
of apparatus, high productivity and low manufacturing cost, by 
firstly obtaining a transparent conductive film that has low 
enough surface resistance to give high conductivity while ex- 
hibiting satisfactory transparency, and then applying the 
transparent conductive film to a glass or resin panel. The 
transparent conductive multi-layer structure of the invention 
is preferably used to make glass panels as a CRT faceplate, a 
PDP faceplate , a construction material and a vehicular component , 
or to make resin panels as a construction material, a vehicular 
component and for use in a semiconductor cleanroom. 
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